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Introduction 47
Poor diet quality is a major risk factor for obesity and non-communicable diseases 48 (NCDs) (Afshin, Sur, Fay, & et. al., 2019) . Unhealthy diets are known to largely include foods 49 with high contents of nutrients of public health concern, such as sodium, sugars and/or saturated 50 fats ( consumers since they are used to highlight positive characteristics of the food, but do not warn 72 consumers about the content of nutrients of public health concern (Chandon & Wansink, 2012; 73 Nestle & Ludwig, 2010) . Consequently, a number of countries are now introducing front-of-pack 74 (FOP) labelling to discourage the selection of foods with less favourable nutritional quality and 75 to encourage product reformulation by manufacturers (Ares, et implemented. Summary indicator systems (e.g., health star rating) use a nutrient threshold-based 80 symbol or score to provide a semi-directive assessment of the overall nutrient content of foods, 81 typically incorporating both positive and negative nutrients (Bix, et al., 2015; Egnell, Talati, 82 Hercberg, Pettigrew, & Julia, 2018; Kelly & Jewell, 2018; Roodenburg, 2017; van Kleef & 83 Dagevos, 2015) . The health star rating is considered a semi-directive system because some 84 nutritional guidance is given to the consumers (e.g., more stars reflect better nutritional quality) 85 (Hodgkins, et al., 2012) . Nutrient-specific systems use symbols to display the amount of select 86 nutrients or calories per serving that provide either a semi-directive assessment of the nutritional 87 quality, in which consumers are being communicated specific levels nutrients (green, yellow, 88 red) (e.g., traffic light labelling), or a directive assessment in which a decision about the 89 nutritional quality of the food has already being made on behalf of the consumers (e.g., 'high in' 90 warning labels) (Bix, et al., 2015; Egnell, et al., 2018; Hodgkins, et al., 2012; Kelly & Jewell, 91 2018; Roodenburg, 2017; van Kleef & Dagevos, 2015) . 92 Health Canada issued a regulatory proposal that would require mandatory FOP symbols 93 (in the form of 'high in' warning labels) on food packages to highlight foods with high contents 94 of sugars, sodium and/or saturated fats (Government of Canada, 2018) . If approved, products 95 that exceed certain thresholds for these nutrients would require 'high in' warning labels to be 96 displayed on packages, along with other mandatory nutrition information such as the Nutrition 97
Facts table and the Ingredients List. However, many of these same products may concurrently 98 display nutrition claims, if a product qualifies for one or more regulated nutrition claims. Under 99 the proposed system, consumers would likely find food labels with conflicting information: 100 positive nutrients or components will be highlighted by nutrition claims and negative nutrients 101 would be emphasized by FOP labels on the same product. the effect of FOP labels and nutrition claims equally applies to healthier and less healthy foods 107 (Talati, et al., 2016) . Among these studies, health star rating and traffic light labelling were the 108 FOP labels most often evaluated together with claims (Maubach, et al., 2014 when presented together on a label. Secondary objectives were to determine differences on 118 consumers' perceptions between those who use the Nutrition Facts table compared to those who  119 do not, and participants' level of health literacy. 120 121 2.
Methods 122
Study design and participants 123
This study was the third experimental task of a larger randomized-controlled online 124 survey that investigated the efficacy of different FOP labels on food packages (#NCT03290118). 125
The study was approved by University of Toronto Human Research Ethics board (Protocol ID 126 34393). An online consumer survey was conducted over a period of 3 weeks between September 127 and October of 2017, after the first online public front-of-pack consultation held by Health 128 Canada (November 2016 and January 2017). The sampling frame was set up to be nationally 129 representative in terms of gender, age and province, based on 2011 census data, but because of 130 other inclusion criteria (e.g., shopping habits, smartphone ownership) the final sample was not 131 completely representative (i.e., participants were approximately 2 years younger than the median 132 Canadian population, greater proportion of participants with college or university education). 133
Participants were recruited from an active panel of over 400,000 Canadians maintained by a 134 professional marketing company. All communication took place via the marketing company and 135 participants' name and contact information were not provided to the research team. Participants 136 were eligible to take part in the survey if they were 18 years or older and provided informed 137 consent, spoke English as their primary language, resided in any province of Canada (the 138 Northern Territories were excluded), did at least some of the household grocery shopping, owned 139 a smartphone (version iPhone 3 or later or Android), and were able to complete the survey on a 140 minimum 9.7in screen size device. Participants were invited via e-mail and remunerated $10 or 141 the equivalent in Air Miles® (through the marketing company), once the survey was completed. 142 A total of 2,008 participants finished the survey; however, 11 participants were removed from 143 the sample due to poor data quality. Criteria to identify poor data quality included if the 144 respondent answered Don't know to the three main experimental tasks in the survey or if the 145 respondent answered Don't know to three or more of five questions considered by the research 146 team to be variables that are not typically sensitive for participants to report. Socio-demographic 147 information including gender, age, household composition, education, household income and 148 ethnicity, was also collected (self-reported). In addition, participants completed the Newest Vital 149
Sign questionnaire, which is a six-question survey that measures level of health literacy. In this 150 test, subjects are shown a Nutrition Facts table and questions that require them to interpret 151 textual and numerical information (Weiss, et al., 2005) . The Newest Vital Sign has been adapted 152 and validated for use in the Canadian population (Mansfield, Wahba, Gillis, Weiss, & L'Abbé, 153 2018). Participants were categorized as likely low health literacy (score 0-1), possible low health 154 literacy (score 2-3), or adequate health literacy (score 4-6). Detailed information about the 155 original test and the Canadian adaptation can be found elsewhere (Mansfield, et al., 2018; Weiss, 156 et al., 2005) . Before starting the online survey but after randomization, participants were asked to 157 download and use a smartphone application, the FoodFlip © app, which is an app that provides 158 nutrition information using different labelling formats (Nutrition Facts table, warning labels, 159 health star rating or traffic light labelling). Once participants completed the app task, they 160 proceeded to the survey. Results for the app task will be described in a separate paper. 161 162
Experimental conditions 163
Mock labels of a juice-type drink were produced by a professional graphic design 164 company based on similar Canadian food products, previously identified in the Food Label 165 Information Program 2013. This database contains label information (e.g., Nutrition Facts table,  166 Ingredients List, nutrition claims, photographs) of over 45,000 products (Bernstein, Schermel, 167 Mills, & L'Abbe, 2016; Schermel, Emrich, Arcand, Wong, & L'Abbé, 2013). Such products were 168 used as a source for product design, Nutrition Facts table information and nutrition claims. Four 169 fictitious brands were created and were used in a randomized order in each of the four repetitions 170 participants were exposed to in the evaluation tasks, in order to minimize the effect of branding 171 Subcommittee for Food Regulation, 2014). This nutrient profiling system uses an algorithm that 180 calculates a summary score based on each product's nutritional composition. A product gains 181 points for nutrients to limit (calories, sodium, sugars and saturated fats) and points are deducted 182 for nutrients to encourage (protein, fibre and fruit/vegetable/nuts and seeds/legume content). 183
Products then are classified as "healthier" if they have an overall score of <1 for beverages, <28 184 cheese with calcium content of more than 320 mg/100 g and fats (e.g., oil, butter), and <4 for the 185 rest of foods. Otherwise products are considered as "less healthy"(Australia New Zealand Food 186 Standards Code, 2013; Implementation Subcommittee for Food Regulation, 2014). can also generate data to inform the use of disease risk reduction claims among consumers. 223
While it is unlikely that many fruit-type drinks would display disease risk reduction claims (as 224 the use of such claim on fruit-type beverages would not be compliant with Canadian 225 regulations), the claim was included in order to study the effects of both types of nutrition 226 claims, in both healthier and less healthy products. To minimize the effect of the label design, 227
FOP labels and nutrition claims were placed in the same location on each package and had 228 similar font size and symbol size. It is important to highlight that the label design for the control 229 and the warning label in healthier drinks was the same, as the healthier drink would not carry a 230 warning label (See Supplementary Figure 1 
Experimental procedures 240
Participants were randomized to be in one of the FOP conditions in a 1:1:1:1 ratio 241 (control, warning label, health star rating, traffic light labelling), which was maintained 242 throughout the survey. Participants within each FOP condition were randomly shown four mock 243 labels, one by one. Each time a mock label was shown, a different brand was also randomly 244 displayed (Figure 1) to avoid having a participant see the same brand with a different 245 healthfulness or claim. Each mock label showed the following content, also randomly shown 246 ( Figure 2) : 247
• A healthier drink with either a disease risk reduction claim (i.e., present) or without a 248 disease risk reduction claim (i.e., absent) 249
• A healthier drink with either a nutrient content claim (i.e., present) or without a nutrient 250 content claim (i.e., absent) 251
• A less healthy drink with either disease risk reduction claim (i.e., present) or without a 252 disease risk reduction claim (i.e., absent) 253
• A less healthy drink with either a nutrient content claim (i.e., present) or without a 254 nutrient content claim (i.e., absent) 255
In each of the four repetitions, participants were asked to rate the perceived healthfulness Results 291
Demographic information from 1,997 participants were included in the present study 292 (Table 1) . There were no significant differences among treatment groups, but income. 293 294
Effect of FOP labels and nutrition claims 295
The influence of FOP condition on perceived product's healthfulness was significantly different 296 among all conditions (p<0.001 in all cases); however, the direction of the influence differed 297 between healthier and less healthy drinks (Figure 3, Supplementary Table 3 ). In healthier 298 drinks, irrespective of carrying a disease risk reduction claim or an nutrient content claim, 299 products with health star rating and traffic light labelling were perceived as healthier than the 300 control (pairwise comparisons vs the control, both p<0.001) and the warning label condition, 301 which did not carry any symbol (pairwise comparisons vs 'high in' warning labels, both 302 p<0.001). Health star rating and traffic light labelling were not significantly different from each 303 other (p=0.509) (Figure 3a) . In less healthy drinks, the three different FOP labelling systems had 304 a significant influence on reducing consumers' perception of product healthfulness compared to 305 the control (Figure 3b) . The health star rating had the greatest effect on decreasing consumers' 306 perception of product healthfulness in less healthy drinks compared to the control (p<0.001), 307 followed by the warning label (p<0.001) and traffic light labelling (p=0.009). The similar pattern 308 was seen in purchase intentions: in healthier drinks, health star rating and traffic light labelling 309 showed a strong trend towards increased purchase intentions compared to the control (p=0.011 310 and p=0.020, respectively) although it did not reach statistical significance. The warning label 311 showed a trend towards reducing purchase intentions compared to the control (p=0.020). There 312 was a statistical difference between the warning label and health star rating (p<0.001) and the 313 warning label and traffic light labelling (p<0.001) (Figure 3c) . In less healthy drinks, all FOP 314 symbols reduced purchase intentions compared to the control. The health star rating drove the 315 most negative perception (p≤0.001), followed by warning label and traffic light labelling (both, 316 p<0.001 vs the control). There was no significant difference between the warning label and 317 traffic light labelling (p=0.082) (Figure 3d) . 318
The influence of regulated nutrition claims on perceived product's healthfulness differed 319 by the type of nutrition claim presented, regardless of the FOP condition. Drinks with a disease 320 risk reduction claim were perceived as significantly healthier compared to the same drink 321 without a disease risk reduction claim in both the healthier drink and the less healthy drink 322 (p=0.004 and p=0.032, respectively). No significant differences on product's perceived 323 healthfulness were found between drinks carrying a nutrient content claim in both healthier or 324 less healthy drinks (Figure 3e and 3f) . The influence of both type of claims (disease risk 325 reduction claim, nutrient content claim) on purchase intentions was not statistically different for 326 a healthier (Figure 3g, p=0 .136 and p=0.298, respectively) and less healthy drinks (Figure 3h , 327 p=0.944 and p=0.751, respectively). Only one interaction (out of eight) was found between the 328 presence of a nutrient content claim and FOP symbols in the healthier drink on purchase 329 intentions (p=0.003, Supplementary Table 3) . 
Effects of health literacy 391
Secondary analyses were conducted to determine the extent of the effect of health literacy 392 on perceived product healthfulness, by type of FOP label. Figure 4 shows that overall 393 participants with likely or possible low health literacy tended to rate products healthier compared 394 to those with adequate health literacy. Among those with adequate health literacy, the warning 395 label appears to be the system that better helps reduce perceived nutritional quality, followed by 396 the health star rating. 397 This study assessed the influence of three different FOP labelling systems (warning label, 423 health star rating, traffic light labelling) that highlight nutrients of public health concern and 424 nutrition claims that highlight positive nutrients, when presented together on the label, on 425 consumers' perception of product healthfulness and purchase intentions in healthy and less 426 healthy drinks. 427
Overall results support the growing body of evidence that FOP labelling influences 428 consumers' assessment of product healthfulness and, to a less extent, purchase intentions 429 (Egnell, et al., 2018; Ikonen, Sotgiu, Aydinli, & Verlegh, 2019; van Herpen, Hieke, & van Trijp, 430 2013 ). This study also showed that the performance of each FOP labelling scheme differed by 431 the nutritional quality of the drink (i.e., product's 'healthfulness'). For example, the three FOP 432 symbols significantly reduced the perceived product healthfulness of less healthy drinks 433 compared to the control, with the health star rating the labelling system leading to lower ratings. 434
This finding is consistent with previous research that has indicated consumers are likely to be 435 influenced by 'negative' labelling (Arrúa, Machín, et al., 2017; Scarborough, et al., 2015) . In 436 contrast, healthier drinks that dispalyed health star rating and traffic light labelling were 437 perceived as healthier than the control, which could be indicative of a 'halo effect' or a 'positive 438 bias' (i.e., when consumers evaluate products more favourably as a result of on-pack nutrition 439 information (Ikonen, et al., 2019; Talati, et al., 2016) . Although the warning label condition in 440 the healthier drink, which did not display a warning label sign, had more negative perceptions 441 than the control, the reasons are unclear. This could be due to an overall more negative 442 perception of foods among those participants who viewed the warning label condition throughout 443 the survey, although this is not supported in other research conducted as part of this study 444 (unpublished). The FOP warning label system uses the absence of a warning to indicate 445 healthfulness, which is the opposite of other systems that acknowledge healthfulness by 446 additional green or yellow lights, or more stars. Nevertheless, it is important to highlight that 447 regulators considering the implementation of any FOP system should also anticipate unintended 448 consequences (e.g., 'halo' effect) that could arise from the use of any FOP labelling system. 449
Our results also suggest the influence of a nutrition claim was mostly driven by the type 450 of claim presented. A disease risk reduction claims significantly increased perceived product 451 healthfulness in healthier and less healthy drinks, while no such difference was seen with a 452 nutrient content claim. In addition, both types of nutrition claims had null influence on purchase 453
intentions. Previous studies that have evaluated the role of nutrition claims in the presence of 454 FOP labelling in less healthy foods have found that nutrition claims seem to have a limited 455 influence on consumers' perceptions (Talati, et al., 2016) , which aligns with the results of the 456 present study. Our results are also in line with other findings that have suggested that in the 457 presence of FOP labelling symbols, nutrition claims are less significant predictors of consumers' 458 perceptions not only in less healthy drinks, (Maubach, et al., 2014; McLean, et al., 2012; Talati, 459 et al., 2016) , but also in healthier drinks. The lack of interaction between FOP labels and claims 460 suggests that FOP labelling significantly influenced consumers' perceptions of product 461 healthfulness and purchase intentions, regardless of the presence of nutrition claims. 462
This study also highlights that most participants did not use the Nutrition Facts Limitations of this study include the use of an online survey as experimental design, 485 which may not be generalizable to the real-world in-store purchasing setting. However, grocery 486 online shopping is likely to become more common and continue to grow. Therefore, 487 investigating other means of purchasing foods is essential to understand the continuing and 488 evolving food purchasing environment and the effects of nutrition and food policies in this 489 context. Second, we only tested FOP labelling and claims on drinks, which may limit 490 generalization to a broader range of foods. Moreover, this type of beverage could be easily 491 replaced with water. In solid foods, a replacement for a healthier product could be more 492
challenging. Third, we tested healthier and less healthy drinks separately, which limits ranking 493 foods with different nutritional quality. Future studies should include raking of foods with 494 varying nutritional composition. Fourth, we asked participants to rate products one by one, which 495 may not represent when consumers compare two or more products together at the point of sale. 496
Fifth, although the fictitious label brands were created to resemble products in the marketplace, it 497 is likely that consumers may have preconceived notions about a product's nutritional quality in 498 relation to brands. Healthfulness perceptions have been shown to be impacted by known/familiar 499 brands (Ikonen, et al., 2019) ; however, in our study, we used fictitious label brands in order to 500 better understand our research objective. Last, since this study required the ownership of a 501 smartphone, the sample was not representative of the Canadian population, although 92% of 502
Canadians had access to Long-Term Evolution (LTE)-Advance network services in 2017 (The 503
Canadian Radio-television and Telecommunications Commission (CRTC), 2019). 504
The strengths of this study included the use of a randomized experimental design with a 505 sample size calculated to have adequate statistical power to detect differences. Another strength 506 included the manipulation of the nutritional quality of the products to identify unintended 507 consequences (i.e., halo effect or positive bias) of the implementation of FOP labelling systems 508 among foods with different nutritional quality. We also tested the differences between 509 participants who clicked (and presumably used) the Nutrition Facts table when evaluating  510 products. Lastly, we examined consumers' perceptions of product healthfulness among 511 participants with varying levels of health literacy. 512 513
Conclusions 514
While this study supports the broader literature suggesting that FOP labelling can help 515 consumers when assessing less healthy food products, this study highlights potential differences 516 between different FOP labelling systems when used also to assess healthier food products. 517
Although the three different FOP systems tested (and particularly the health star rating) reduced 518 the perceived healthfulness of less healthy drinks, the health star rating and traffic light labelling 519 created a halo effect in healthier drinks, which can jeopardize reformulation efforts, as 520 companies might include protein/fibre ingredients to improve products' rating rather than reduce 521 sodium, saturated fats and/or sugars. Thus, a warning label system could be an alternative as it 522 performs similarly as the health star rating on less healthy drinks and does not create a halo 523 effect on healthier drinks. In the presence of FOP labelling symbols, nutrition claims were less 524 significant predictors of consumers' perceptions of healthy foods and reinforced the latter in less 525 healthy foods. Most participants used the information that was provided on the front of the labels 526 rather than the information provided on the Nutrition Facts table. FOP labelling was particularly 527 useful when less healthy drinks were evaluated, even among Nutrition Facts table users. FOP  528 labelling was also likely helpful for participants with different levels of health literacy. In the 529 end, FOP labelling could be more useful than nutrition claims for consumers when assessing and 530 purchasing products, particularly among consumers who do not use or understand the Nutrition 531 
